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Abstract 
 
Monoalkylation of 1,2­diols: 
 No  method  for  an  asymmetric  monoalkylation  has  been  previously  reported.  Attempts here were made to develop this transformation by using a copper catalyst and BOX ligand to impart chirality.    
Design of First Aid Smart Fabrics: 
  A  cellulose  filter  paper would  be  linked  through  a  cleavable  linker  to  a  bioactive agent.    This  linker  would  cleave  upon  the  presence  of  blood  to  release  the  drug directly onto the body. 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Chapter 1: Monoalkylation of Diols  
Introduction Due to the presence of diols in natural products, mono‐protection of diols is an  important  reaction  in organic  chemistry,  especially  in  total  synthesis.   Multiple types  of  mono  protections  of  diols  have  been  achieved  via  both  catalytic  and asymmetric methods.    Silylation,  tosylation,  benzoylation  and  carbamoylation  are the variants  that have been researched  in depth.   An area that  is distinctly  lacking however is monoalkylation of diols.   
The  ability  to  achieve  a  selective  monoalkylation  would  be  useful  for synthetic purposes.  Monoalkylation is more than just attaching a protecting group – it  is  a  functionalization  process.    It  could  be  used  to  improve  the  synthesis specifically  of  nucleosides1  and  oximidines,2  or  in  general  of  any molecule where multiple ether functionalities are present.   
Monoalkylation of 1,n­diols   In  1983  Takano  and  co‐workers  published  one  of  the  first  examples  of  a selective monoalkylation of a diol.  In order to achieve this goal they converted diols into  their  corresponding  benzylidene  acetals  and  then  cleaved  the  acetals  with diisobutyl aluminum hydride (DIBAL‐H) (Scheme 1).  This was also the first example of hydrogenolysis of benzylidene acetals with DIBAL‐H.3   
    
2 
 
  
Scheme 1 
  
  Takano  and  co‐workers  tested  their methodology  on multiple  symmetrical and non‐symmetrical diols (Table 1).  All examples afforded a high yield of the mono‐benzylated product.  When only two oxygens are present, cleavage occurs at the less hindered site.  However, in the case of molecule 10, the cleavage occurs at the more hindered position.  Tankano and co‐workers theorized that this is due to inclusion of the three oxygen atoms.  The oxygen is able to complex with the aluminum and then directs the cleavage to the more hindered position (Figure 1).  
Table 1: Substrate screen for cleavage of acetals by Takano and co­workers 
Acetal  Reaction Time  Product  Yield 
 
4 
4 h   
5 
84% 
 
6 
5 h 
 
7 
77% 
 
8 
22 h   
9 
85% 
 
10 
5 h 
 1:4 
    11 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Figure 1: Proposed directed attack for selective cleavage   Six  years  later,  Sasson  and  co‐workers  also  achieved  a  monoalkylation reaction of diols,  this  time using a phase transfer catalyst system (Scheme 2).   They proposed that the reaction could occur in a series of reversible reactions, eventually leading  to a mono‐ or bis‐benzylated product  (Scheme  3).   Reactions a  and b  show deprotonation  of  the  diol  to  give  either  the  mono‐  or  dianion  complexes.    These species  could  then  react  with  an  ammonium  salt  to  give  either  the  mono  or  di ammonium  compounds  (reactions  c  and  d).    The  ammonium  species  could  then react non‐reversibly with a benzylating reagent to give the mono‐ or bis‐benzylated product (Reactions e and f).4  
Scheme 2 
   
O
O
O
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H O
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H
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(Bu)4NHSO4 (0.01 equiv.)
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HO(CH2)nOBn    + BnO(CH2)nOBn
4 
 
Scheme 3 
     When using primary alcohols, Sasson and co‐workers obtained only the bis‐benzylated  products.    However,  when  using  more  sterically  hindered  secondary alcohols, the reaction produced mainly mono‐benzylated product with only a small amount of the bis‐benzylated product.  When using tertiary alcohols, only the mono benzylated product was obtained.   They  concluded  that  these  results were due  to the  relative  acidity of  the  alcohols  – primary >secondary >tertiary.    Following  the trend  it  can  be  seen  how  it  would  be  easier  to  obtain  a  dianion  with  a  primary alcohol  therefore  leading  to  more  of  the  bis  product.    The  lower  acidity  of  the tertiary alcohol makes obtaining the dianion unfavorable and therefore only mono‐benzylated product is obtained from it.4       Barton and co‐workers reported a second method of cleaving acetals to give the mono‐protected diol  in 1992 (Scheme 4).   This  transformation was achieved by drop‐wise addition of AlMe3 to a mixture of acetal and DCM at ‐78 oC and allowing 
a) HO - - - OH + KOH  <----> HO - - - OK + H2O
b) HO - - - OK + KOH <----> KO - - - OK + H2O
c) HO - - - OK + (Bu)4NHSO4 <----> HO - - - ON(Bu)4 + KHSO4
d) KO - - - OK + 2(Bu)4NHSO4 <----> (Bu)4NO - - - ON(Bu)4 + 2KHSO4
e) HO - - - ON(Bu)4 + BnCl -----> HO - - - OBn + N(Bu)4Cl
f) (Bu)4NO - - - ON(Bu)4 + 2BnCl -----> BnO - - - OBn + 2N(Bu)4Cl
5 
 
the reaction to stir for 4 hours before warming to room temperature and stirring for an additional 12 hours.5   
Scheme 4 
    Several  simple  examples  of  this  methodology  were  demonstrated.  All examples showed a high yield and cleavage at the less hindered position on the ring.  When R=C4H9 the acetal cleaved to give 83% of the less hindered cleavage and when R=C2H5  86%  product  was  isolated.  Only  in  the  case  of  R=Ph  was  a  mixture  of products obtained; 74% of the product was cleaved at  the  least hindered position, while  10%  product  was  isolated  that  involved  cleavage  at  the  more  hindered position.  The methodology was also expanded to simple carbohydrates with similar results.5     In 1996 Bessodes and co‐workers published their work on mono‐protection of  diols.    They obtained mono benzylation using KOH and  crown ether with most substrates only requiring a 1 hour reaction  time.   All  substrates  tested provided a strong mono‐ to bis‐benzylation ratio (Table 2).  In the case of n=7 and 8, there was still starting material remaining after 1 hour, however, when the reaction was run for  2.5  hours  all  of  the  starting material  was  consumed.   When  n=9  the  reaction needed 4 hours to consume starting material.6     
O
O
R
O
OH
R OH
O
R
AlMe3
DCM, -78 oC to rt
13                       14        15 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Table 2: Substrate screen by Bessodes and co­workers 
 
n  Starting Material  Monobenzyla  Dibenzyla 3  <5%  82%  18% 4  <5%  83%  17% 5  <5%  84%  16% 6  <5%  86%  14% 7  15‐20%  83%  17% 8  15‐20%  87%  13% 9  >45%  91%  9% a. Corrected percentages   Bessodes  and  co‐workers  also  studied  the  effect  of  temperature  on  the selectivity of  the benzylation.   They found that at 10 oC they were able to obtain a much higher ratio of mono‐ to bis‐protected product  (94:6 at 10 oC versus 83:17 at 20  oC).    At  0  oC  the  reaction  took much  longer  to  achieve  full  conversion with  no significant increase in selectivity.  They also tested various cations of the hydroxide base on benzylation and found that sodium was able to achieve a 96.4:3.6 mono‐ to bis‐benzylated  ratio  in  comparison  to  the  83:17  achieved  with  potassium.    No selectivity was observed with lithium as the counterion.  When lithium was used it was the only reaction that was a homogeneous mixture, which implies that a phase transfer process might be causing the selectivity.6        Sauve  and  co‐workers  published  their  worked  on  a  silver  oxide  promoted mono‐benzylation in 1997.  Multiple types of symmetrical diols were tested (Table 3).  The  aliphatic  diols  tended  to  react  slower  than  both  oligoethylene  glycols,  which reacted rapidly with high yields of the mono‐benzylated product.  The reaction was also  tested  with  4  equivalents  of  BnBr  over  a  long  period  of  time  and  still  only 
HO-(CH2)n-OH
BnBr, KOH
18-crown-6 ether
HO-(CH2)n-OH   + HO-(CH2)n-OBn  + BnO-(CH2)n-OBn
1 hr
7 
 
approximately  5%  bis‐benzylated  product  was  ever  obtained.    L‐tartrate was  the most  problematic  substrate  and  required  the  addition  of  KI  in  order  achieve  the results  shown.    Other  alkylating  agents,  including  MeI  and  4‐F‐BnBr  were  tested with similar results.7    
Table 3: Substrate screen of monoalkylation by Suave and co­workers7 
  
Diol  Solvent  Time  Monobenzyl  Dibenzyl Ethylene glycol 
16 
DCM  15 h  70%  8% Propane‐1,3‐diol 
17 
DCM  5 h  87%  7% Butane‐1,4‐diol 
18 
DCM  3 h  91%  5% Pentane‐1,5‐diol 
19 
DCM  4 h  89%  8% Octane‐1,8‐diol 
20 
DCM  15 h  71%  12% 
 
21 
DCM  1 h  88%  7% 
 
22 
DCM  1 h  90%  5% 
 
23 
Toluene  15 h  92%  3% 
 
24 
DCM  15 h  77%  8% 
   
OH
OH
OBn
OH
OBn
OBn
Ag2O (1.5 equiv.)
BnBr (1.1 equiv.)
DCM or toluene
rt
HO O OH
HO O O OH
O O
O O
OH
OH
Ph
Ph
MeO2C
CO2Me
OH
OH
8 
 
Sauve and co‐workers theorized that their reaction was proceeding through a  complexation  with  the  silver  oxide  (Figure  2).    This  explains  why  the  propane, butane  and  pentane  diols  work  best;  they  allow  for  the  formation  of  the  lesser‐strained  rings.  The  ethylene  glycol  and  octane  diol  form more  strained  rings  and therefore have a  lower reactivity.   This complexation theory also explains why the addition of oxygen atoms in the substrate increases the rate of reaction.  This can be seen by the reactivity gained in the oligoethylene examples, where multiple oxygen atoms  could  interact  with  the  silver  to  give  additional  stability  to  the  transition state.7    
 
Figure 2: Transition state proposed by Suave and co­workers  Joshi and co‐workers published a monoalkylation of diols in 2002 (Scheme 5).  Their method  involved  full deprotonation of  the diol,  followed by an addition of a dibromine compound, which would  first add  to  the dianion via an SN2 mechanism and  then  undergo  an  intramolecular  elimination  to  produce  the  mono  allylated product.8     
Ag
O O
H
O
O
O
O
H R
Ag
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Scheme 5 
  This  methodology  was  tested  on  several  chiral  diols,  as  well  as  with  two different length dibromine compounds. The reactions gave products with moderate to  good  yields  with  no  bis‐alkylated  products  reported.  When  meso  1,2‐diphenylethan‐1,2‐diol was used, both 1,3‐dibromopropane and 1,4‐dibromobutane were  tested.    When  1,3  dibromopropane  was  used  47%  yield  of  product  was obtained  versus  the  38%  product  produced  with  1,4‐dibromobutane.    Other examples of substrates are shown in Table 4.  In general the 1,3‐dibromopropane was a better allylating reagent than the 1,4‐dibromobutane, likely due to less degrees of freedom in the propane compound allowing for increased elimination.8             
OH
OH
OH
O
1) NaH (2 equiv.),
THF (0.8 M), 0.5 h
2) Br-(CH2)3-Br
 2 h
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Table 4: Substrate screen performed by Joshi and co­workers 
Diol  Br(CH2)nBr  Temperature 
(oC) 
Time  Product  Yield 
 
25 
N=3  25  3 h 
 
30 
86% 
 
26 
N=4  80  3 h 
 
31 
32% 
 
27 
N=3  25  2 h 
 
32 
90% 
 
28 
N=4  80  2 h 
 
33 
65% 
 
29 
N=3  25  1 h   
34 
58% 
Ph
Ph
OH
OH
Ph
Ph
OH
O
Ph
Ph
OH
OH
Ph
Ph
OH
O
OH
OH
O
O
Ph Ph
Ph Ph
OH
O
O
O
Ph Ph
Ph Ph
OH
OH
O
O
Ph Ph
Ph Ph
OH
O
O
O
Ph Ph
Ph Ph
OH
OH
OH
O
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Catalytic Monoalkylation of 1,2­diols Up  until  2009,  all  of  the  monoalkylation  reactions  reported  required  a stoichiometric amount of reagents.  It was Onomura and co‐workers who published the first successful catalytic monoalkylation of diols (Scheme 6).  Only 0.1 equivalent of  catalyst was needed  to obtain  the desired results, using 1.5 equivalents each of allyl bromide and potassium carbonate.9  
Scheme 6 
    When  diethyl  tartrate  is  used  as  a  substrate,  CuCl2  proved  to  be  the  best catalyst providing an 86% yield; Me2SnCl2 provided only a 50% yield, while phenyl boronic acid performed the worst with a 21% yield.   When 1,2‐diphenylethan‐1,2‐diol was used as a substrate, the phenyl boronic acid performed the best producing a 70% yield.  The p‐FPhB(OH)2 gave a slightly worse yield at 64%.  In this case the CuCl2  gave  only  a  15%  yield,  while  the  Me2SnCl2  gave  a  35%  yield.    The  CuCl2 performed the worst on the 1,2‐cyclohexadiol yielding only 4% product, while  the Me2SnCl2 faired only slightly better yielding 12% product.  The boronic acid gave a much  improved 68% yield, while  the p‐FPhB(OH)2 proved to be  the most efficient catalyst, yielding 78% monoalkylation product.9   Onomura and co‐workers  theorized a mechanism  for  their  reaction  (Scheme 
7).   No one catalyst was efficient for all of the substrates tested.  This suggests that there is a sensitive relationship between the nature of the catalyst and the acidity of 
OH
OHR
R OH
OR
R
K2CO3, DMF,
catalyst, 38 h
Br
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the diol that needs to be considered to allow the reaction to proceed.  When using a weak  Lewis  acid  such  as  copper,  binding  to  the  diol  and  abstraction  of  a  proton would  be  relatively  slow, while  alkylation would  then  be  able  to  proceed  quickly.  This explains why the more acidic diethyl tartrate precedes quickly using copper.  In the case of a more acidic Lewis acid, such as boronic acid, it could easily bind to the diol  and  allow  for  deprotonation,  however,  alkylation  and  subsequent  removal  of the metal would be much slower.   Therefore boronic acids are more  favorable  for less acidic diols.9    
Scheme 7 
    In addition to mechanistic studies, Onomura and co‐workers also tested the selectivity of  their  system.   A mixture of a diol and a corresponding mono alcohol were subjected  to  the reaction conditions, now using BnBr as  the alkylating agent (Scheme  8).    Upon  workup,  Onomura  and  co‐workers  isolated  96%  of  the  mono‐
MXn
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benzylated diol.   No benzylated alcohol was  recovered suggesting  that  the alcohol was not alkylated at all, which  implies  that  the diol  is  required  for  the reaction  to proceed.9    
Scheme 8 
 
   In 2012, Onomura and  co‐workers published an updated monoallylation of diols,  this  time  using  a  bimetallic  catalyst  system  of  palladium  and  tin.    Multiple optimizations were done in order to create the most efficient catalyst system for the reaction  (Scheme  9).    Several  ligands  were  tested,  including  DPPE,  DPPP,  DPPB, BPPPent, DPPHex, and DPPF with DPPB being the most efficient.   A 60% yield was obtained when no tin catalyst was used suggesting that the reaction is still catalyzed with  only  palladium.    If  the  ligand  or  the  palladium were  omitted,  a  0%  yield  of product was obtained.10    
Scheme 9 
  
OH
OH OH
OH
OBn OBn
BnBr (1.5 equiv.)
p-FPhB(OH)2 (0.1 equiv.)
K2CO3 (1.5 equiv.)
DMF, rt, 38 h
96% 0%
OH
OH
R
R
DPPB/Pd(OAc)2
Me2SnCl2
Cs2CO3
DCM, rt, 22 h
AcOn
O
OH
R
R
n
29              35              36      37 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 A  variety  of  substrates  were  tested  in  the  reaction  (Table  5).    Using  3 equivalents  allyl  acetate,  0.25  equivalents  DPPB,  0.1  equivalents  palladium,  0.1 equivalents tin and 1.5 equivalents cesium carbonate, almost all reactions achieved an excellent yield.  The exception being the dimethyl tartrate, which only proceeded to 45% yield.    
Table 5: Selection of the substrates screened by Onomura and co­workers 
Substrate  Mono­allylation 
yield 
Substrate  Mono­allylation 
yield 
 
38 
99% 
 
42 
97% 
 
29 
90% 
 
43 
98% 
 
39 
88%   
44 
87% 
 
40 
74%   
45 
45% 
 
41 
99%     
   Onomura  and  co‐workers  again  examined  the  chemoselectivity  of  their reaction.  As was shown in their previous work, they tested a mixture of diol with its corresponding  mono  alcohol  under  the  reaction  conditions  (Scheme  10).    Again,  a 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high  yield  of  the  mono‐alkylated  product  was  obtained  while  almost  all  of  the starting mono alcohol was recovered.10    
Scheme 10 
    Overall,  the  past  three  decades  have  seen  progress  in  terms  of monoalkylation  of  diols.    Research  has  progressed  from  simple  strong  base deprotonation  to  give  a  statistical  ratio  of  products  to  being  able  to  obtain  the desired  mono‐alkylated  product  in  over  99%  yield.    However,  even  with  new catalytic  systems  being  developed,  there  is  still  no  reported  asymmetric monoalkylation.   Thus, research  into an asymmetric  form of monoalkylation  is  the logical next step in improving this field.   
Research Plan 
  Our plan  is  to combine Onomura’s 2009 research  into monoalkylation with other research done by the Onomura group on multiple asymmetric protections in 2007.11    In  Onomura  and  co‐worker’s  2007  paper,  they  performed  asymmetric tosylation,  benzoylation  and  carbamoylation  on  multiple  substrates  using  a Cu(OTf)2 catalyst and a Ph‐BOX ligand to control asymmetry.     Though  CuCl2  was  not  entirely  effective  for  all  substrates,10  we  chose  to continue with the copper catalyst as it was most useful for multiple protections and 
OH
OH
OH
AcO
DPPB (0.25 equiv.)
Pd(OAc)2 (0.1 equiv.)
Me2SnCl2 (0.1 equiv.)
Cs2CO3 (1.5 equiv.)
DCM, rt, 22 h
O
OH
OH
75%
99% recovered
  46 
  47 
      48 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it is easy to modify into an enantioselective reaction.  While the boronic acids were more active, less is known in the literature about simple chiral variants.  Cyclic diols had been used previously  in our  lab  for optimization  studies of  other  asymmetric reactions,  and was  therefore  chosen  in  the  current  reaction  optimization  process. 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Results and Discussion 
1,2­Cyclooctadiol Studies   The  first  step  in  our  plan  was  to  synthesize  the meso  diol  that  was  to  be studied  (Scheme  11).    OsO4  and  NMO  were  combined  in  a  solvent  of  acetone  and water with  the  cyclooctene  substrate  to produce  the product  in  fair  yields  (41%).  After  silica  gel  flash  chromatography12,  the  white  crystalline  solid  was  used  for further research studies.   
Scheme 11 
   Standards were prepared using a classical method for synthesizing a mixture of mono and bis protected diols (Scheme 12).  These pure standards were used to first find achiral GC conditions and response factors.   The mono‐ and bis‐protected diol provided  fairly  accurate  response  factors  with  little  error.    The  starting  material however, was more  troublesome  and  even with multiple  trials  gave  a  variance  in responses. Finally, the standard achiral mono‐protected diol was used to find chiral GC  conditions  using  a  β‐dex  column.    The  optimization  conditions  showed  that  a steady  low‐end  temperature  over  a  long  period  of  time  proved  to  be  the  most effective in separating the two enantiomers.    
OH
OH
OsO4, NMO
Acetone:H2O
4:1
  49          46 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Scheme 12 
    
  The first step in developing the catalytic asymmetric monoalkylation was to repeat  Onomura’s  achiral  variant  (Scheme  13).   We  obtained  a  5%  yield,  which  is consistent with the yield that Onomura obtained using similar substrates.  In order to  develop  this  reaction  into  an  asymmetric  variant,  a  BOX  ligand was  chosen  to impart  asymmetry.    Three  types  of BOX  ligands were  tested  throughout  all  of  the studies (Figure 3). 
 
Scheme 13 
    
 
 
Figure 3: Box ligands used throughout studies: tBu­BOX, Bn­BOX and Ind­BOX. 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 In  his  initial  work  on  monoalkylations  Onomura  is  not  clear  on  what atmosphere is used for his chemistry.  He does state in later works that he uses an open‐air environment.   Therefore, an atmosphere test reaction was examined first.  When the reaction was run under air, the GC yield improved slightly over the cases when  the reaction was run under an atmosphere of nitrogen (Table  6).   Due  to  the ease of setting up reactions, all tests were run in air unless otherwise noted.       
Table 6: Atmospheric Studies 
  
Reaction  Atmosphere  Ligand  GC Yield (%) 1  Nitrogen  Yes  Not determined 2  Air  Yes  6 3  Nitrogen  No  1 4  Air  No  4    Both the copper (II) salt and the type of BOX ligand were then tested against each  other,  and  in  the  first  screen  of  reactions,  24  different  conditions  were examined (Table 7).  These heterogeneous reactions were shaken on a shake plate for 38 hours.  Almost all of the reactions showed no signs of conversion.  The Cu(OAc)2 and Ind‐BOX ligand were the only reagents that consistently showed slight amounts of  reactivity.    Even  the  standard  that had been previously  run did not  seem  to be showing  reactivity  in  this  case.    It  was  thought  that  a  more  efficient  stirring  is needed for alkylation to occur. 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Table 7: Copper salt and BOX ligand screen with shake plate mixing 
  
Reaction  BOX Ligand  Cu(II) Salt  GC Yield (%) 1  None  None  <1 2  None  CuCl2  <1 3  None  CuBr2  <1 4  None  Cu(OTf)2  <1 5  None  Cu(OMe)2  <1 6  None  Cu(OAc)2  3 7  tBu‐BOX  None  <1 8  tBu‐BOX  CuCl2  <1 9  tBu‐BOX  CuBr2  2 10  tBu‐BOX  Cu(OTf)2  <1 11  tBu‐BOX  Cu(OMe)2  2 12  tBu‐BOX  Cu(OAc)2  2 13  Bn‐BOX  None  <1 14  Bn‐BOX  CuCl2  <1 15  Bn‐BOX  CuBr2  <1 16  Bn‐BOX  Cu(OTf)2  <1 17  Bn‐BOX  Cu(OMe)2  <1 18  Bn‐BOX  Cu(OAc)2  2 19  Ind‐BOX  None  <1 20  Ind‐BOX  CuCl2  2 21  Ind‐BOX  CuBr2  2 22  Ind‐BOX  Cu(OTf)2  3 23  Ind‐BOX  Cu(OMe)2  2 24  Ind‐BOX  Cu(OAc)2  2    A second, more abbreviated, screen was done of the copper (II) salts and BOX ligands  this  time using a stir bar  to mix  the reaction (Table  8).   Again,  the  Ind‐BOX ligand  and  Cu(OAc)2  proved  to  be  the  most  effective  over  the  largest  number  of cases.    The  Ind‐BOX  ligand was  the  obvious  choice  to  use  for  future  screening  of conditions.    Cu(OAc)2  was  then  chosen  as  the  copper  source.    This  decision  was based on the  fact  that  it was more consistent over a greater number of  trials  than 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the other copper salts.   Also, it is the easiest of the 3 salts to use, as it is air stable, unlike  Cu(OTf)2  and  has  enough mass  for  accurate measurement  even  at  a  small scale unlike CuCl2.  
Table 8:  Copper Salt and BOX ligand screen with magnetic stirring 
Reaction  BOX Ligand  Cu(II) Salt  GC Yield (%) 1  tBu‐BOX  CuCl2  18 2  tBu‐BOX  Cu(OTf)2  7 3  tBu‐BOX  Cu(OAc)2  16 4  tBu‐BOX  Cu(OTf)2 (N2)  1 5  Bn‐BOX  CuCl2  14 6  Bn‐BOX  Cu(OTf)2  13 7  Bn‐BOX  Cu(OAc)2  20 8  Bn‐BOX  Cu(OTf)2 (N2)  4 9  Ind‐BOX  CuCl2  42 10  Ind‐BOX  Cu(OTf)2  52 11  Ind‐BOX  Cu(OAc)2  25 12  Ind‐BOX  Cu(OTf)2 (N2)  17    Concentration  studies  were  then  done  using  the  Cu(OAc)2  and  Ind‐BOX ligand  (Table  9).   Even with  increasing concentration  the GC yield only  increased a negligible amount implying that the concentration of the reaction played no role in the rate of reaction.  We chose to use the 1.04 M solution for further studies as even the slight 1% improvement was sought after at this time. 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Table 9: Concentration screen with DMF 
   
Reaction  Concentration (M)  GC Yield (%) 1  0.17  10 2  0.345  11 3  1.04  12    The physical nature of the base was then tested in multiple control reactions (Table  10).    In  reactions 1 and 2, when no copper  is present,  the  reaction does not proceed to any appreciable amount.  In the presence of copper, the Ind‐BOX ligand is shown to increase reaction progress, as the reaction where it is omitted, reaction 3, has a  lower GC yield  than  the reaction where  it  is  included,  reaction 5.   When  the potassium carbonate  is  ground  into a  fine powder,  reaction 6,  the GC yield nearly doubled.   
Table 10: Base consistency screen 
Reaction  Cu(OAc)2  Ind­BOX  Base  GC Yield (%) 1  None  None  Granular  2 2  None  Yes  Granular  <1 3  Yes  None  Granular  7 4  Yes  Yes  Granular  12 5  Yes  Yes  Powdered  21    Taking  these new results  into account, powdered potassium carbonate was used in a second concentration screen (Table 11). This time, the reaction proceeded by  an  additional  6%  when  the  concentration  was  doubled.  However,  since  the 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increase was so slight it is still implied that there was very little correlation between concentration and reaction rate.   The 1.04 M reaction concentration was therefore used in further studies.  
Table 11: Concentration screen with DMF 
Reaction  Concentration (M)  GC Yield (%) 1  1.04  30 2  1.38  29 3  2.08  36    A variety of solvents were tested in the reaction system (Table 12).  Since the solvent evaporated over the course of the reaction for the more volatile solvents, the internal  standard  used  did  not  provide  accurate  GC  yield  data  in  these  cases. Acetonitrile proved  to be  the best solvent providing  the best ratio  for sm:product.  Enantiomeric excess values were measured for the more promising cases and it was determined  that  when  using  acetonitrile  as  solvent,  almost  exclusively  one enantiomer was formed, giving a 95% ee.  Using DMF provided a good ee of 85% but the acetonitrile proved superior.    
Table 12: Solvent screens 
   
Reaction  Solvent  SM:product 
(Trial 1) 
ee  % 
(Trial 1) 
SM:product 
(Trial 2) 
ee  % 
(Trial 2) 1  MeCN  1:55a  95  No SMa  95 2  Et2O  1:3.6a  nd  1:12a  nd 3  DMF  1:3  nd  7:1  85 4  DCM  1:6.9a  nd  1:36a  nd a. Solvent evaporated over course of reaction 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 Once the best solvent had been determined, a screen of bases was performed to  determine  the  optimal  one  for  our  system  (Table  13).    In  all  cases,  the  solvent evaporated over the course of the reaction.  When no base was present the reaction did  not  proceed  at  all.    Powdered  potassium  carbonate  proved  to  be  the  most effective with powdered cesium carbonate working only slightly less efficiently.  The DIPEA was either not strong enough of a base, or was alkylated by the BnBr in the reaction  mixture  as  it  did  not  promote  the  reaction  and  only  a  trace  amount  of product was visible on the GC trace.    
Table 13: Base screen 
   
Reaction  Base  GC Yield (%) 1  None  0 2  K2CO3  52a 3  CsCO3  44a 4  DIPEA  Tracea a. Solvent evaporated over course of reaction     To determine how much better acetonitrile worked than DMF, the reactions were sealed and run during a time study (Table 14). A larger scale was used in order for  there  to be enough material  to draw aliquots over  time.   Acetonitrile and DMF acted  in  a  similar  fashion  with  acetonitrile  producing  only  slightly  more  product over the 48 hours reaction period.  Heating DMF did give higher GC yields over the 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time study; however, the GC traces were increasingly messy, implying side reactions were occurring at the higher temperature.    
Table 14: Time screens of DMF and MeCN  
   
Time (hours)  DMF GC Yield (%)  Heated DMF  
GC Yield (%) 
MeCN GC Yield 
(%) 3  0  2  0 8  Trace  8  Trace 12  Trace  6  Trace 24  2  7  2 36  6  16  5 48  6  39  10    Concentration  studies  were  done  again,  this  time  using  acetonitrile  as  the solvent  (Table  15).    The  reactions,  and  all  further  ones,  were  sealed  in  order  to prevent solvent evaporation over the 38 hour reaction time.  The GC yield increased when the concentration was increased to 0.69 M, however when the concentration was increased further to 1.38 M the GC yield decreased.  The reaction was also run at 0.69 M in BnBr as a solvent and it still contained mostly starting material after the 38 hours.    All  of  the  lower  concentrations  tested  gave  comparable  ee  values  of  at least 90%.  Reaction 3 was isolated and purified to give a 31% isolated yield and still provided  a  90%  ee.    The  1.38 M  reaction,  however,  had  a  ‐17%  ee  and  the  BnBr reaction a ‐55% ee.     It is not known why the enantioselectivity switched for these two cases. 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Table 15: Concentration screen with MeCN 
Reaction  Concentration (M)  GC Yield (%)  ee (%) 1  0.345  60  93 2  0.69  80  93 3  0.69  78  90a 4  1.38  55  ‐17 5  0.69 (BnBr)  8:1 (sm:product)  ‐55 a. 31% isolated yield with a 90% ee     The  concentration  study  was  then  repeated  to  narrow  in  on  the  most effective  concentration  (Table  16).    The  GC  yield  in  all  cases,  however,  dropped dramatically and the ee of reaction 1 was only 35%.  A control reaction, 4, was done using  no  ligand  to  ensure  that  the  enantioselectivity  seen  was  coming  from  the ligand.  The reaction was racemic, supporting the notion that the ligand was needed to provide selectivity.    
Table 16: Concentration screen with MeCN 
Reaction  Concentration (M)  GC Yield (%)  ee (%) 1  0.5  5  35 2  0.75  8  nd 3  1  10  nd 4  0.75 (no ligand)  4  Racemic    Since  the reaction had seemed to stop working,  time was  taken  to examine the reagents and reaction conditions to determine the cause (Table 17).  When all of the  old  reagents  were  tested  again,  a  low  GC  yield  was  obtained,  but  the  high enantioselectivity had returned.  The benzyl bromide was freshly distilled and used in a reaction that provided a higher GC yield than the non‐freshly distilled variant. 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The enatioselectivity remained approximately the same.  When 4 Å mol sieves were added  to  the  reaction  mixture,  the  GC  yield  dropped  and  the  reaction  was determined to be racemic.  Instead of using 100 μL of MeCN and 10 μL dodecane, the reaction was changed to use 100 μL total volume to test the effect of polarity on the reaction and it was determined that the reaction did not adequately proceed.  A final test of adding 10 μL water to the reaction was done.  The GC yield was better than when using all of the old reagents, but the enantioselectivity dropped to 81%.   
Table 17: Troubleshooting screen of reagents 
Reaction  Conditions  GC Yield (%)  ee (%) 1  All old reagents  10  90 2  Fresh BnBr  21  91 3  4 Å mol sieves  7  Racemic 4  90 μL MeCN, 10 μL dodecane  4  Racemic 5  10 μL water added  14  81    Since the enantioselectivity had returned, the amount of base was looked at to see if variation in the amount affected the reaction (Table 18).  The newly distilled benzyl bromide was used in these reactions as well as 1 to 3.5 equivalents of base.  Adding a large excess of base did improve the yield slightly, however, not to earlier observed  levels.    More  unsettling  however,  was  that  the  enantioselectivity  also dropped  again,  giving  varied  values  favoring  the  opposite  enantiomer,  as  seen previously. 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Table 18: Base equivalents screen 
Reaction  Equivalents Base  GC Yield (%)  ee (%) 1  1  9  ‐50 2  1.5  13  ‐34 3  2.5  13  ‐31 4  3.5  15  ‐29    To  narrow  in  on  the  problems  with  the  reaction,  multiple  scenarios  were tested  that could be responsible  for  the possible variations  in protocol used (Table 
19).  The reaction was first run with no variation and only a 9% GC yield of desired product was found.  In a second test, the dodecane was added after the reaction was completed, but this variant only gave a 6% yield.  In another run, a 15 minute wait period was  added  after  the  reagents  were mixed  before  the  benzyl  bromide was added to the mixture.  This stopped all reaction progress.  When a reaction mixture was heated to 70 oC there was a >90% GC yield, however, the reaction was racemic.  When water was added to another heated reaction, a much lower yield of racemic product was observed.  
Table 19: Troubleshooting protocol screen 
Reaction  Conditions  GC Yield (%)  ee (%) 1  Normal  9  nd 2  Dodecane added after reaction  6  nd 3  Wait 15 minutes before addition of BnBr  0  nd 4  Heat to 70 oC  >90  Racemic 5  Heat to 70 oC and added 10 μL water  26  Racemic    Since no conditions had been found to bring back the reactivity, the reaction was then taken back to the drawing board.  All of the solid reagents used were dried 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under  P2O5  and  all  liquid  reagents  were  distilled  to  remove  any  residual  water.  Three  reactions,  all  identical,  containing  the  diol,  BnBr,  Cu(OAc)2,  K2CO3,  Ind‐BOX and MeCN were run to  test  the reproducibility of  the reaction.   All  three reactions gave approximately a 7% yield by GC.  While this was not the promising increase in yield wanted,  the  reaction was at  least deemed reproducible.   A  series of wet and dry solvents were tested while using multiple copper salts (Table 20).   The GC area peaks  of  SM:product  were  compared.    No  reaction  showed  a  large  increase  in reactivity and of the reactions tested, none showed any enatioselectivity.    
Table 20: Solvent and Copper salt screen using Ind­BOX ligand 
Reaction  Solvent  Cu(II) salt  GC Area ratio  ee (%) 1  DMF  Cu(OAc)2  2:1  Racemic 2  DMF  CuCl2  2:1  nd 3  DMF  Cu(OTf)2  4:1  nd 4  DMF (Wet)  Cu(OAc)2  2:1  Racemic 5  DMF (Wet)  CuCl2  2:1  nd 6  DMF (Wet)  Cu(OTf)2  4:1  nd 7  MeCN  Cu(OAc)2  5:1  nd 8  MeCN  CuCl2  10:1  nd 9  MeCN  Cu(OTf)2  8:1  nd 10  MeCN (Wet)  Cu(OAc)2  6:1  Racemic 11  MeCN (Wet)  CuCl2  10:1  nd 12  MeCN (Wet)  Cu(OTf)2  4:1  nd    To run the previous screen of reactions, a new batch of Ind‐BOX ligand had to be made.   Even  though  the  ligand was  identical  via NMR and melting point  to  the previously made ligand to ensure that the new Ind‐BOX was not reacting differently than the previous one, both were tested (Table 21).  Neither the new nor old Ind‐BOX ligand,  in  air  or  sealed  under  N2,  was  able  to  effectively  help  the  reaction.  Subsequent studies were made using the freshly made Ind‐BOX. 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Table 21: Atmosphere and Ind­BOX screen 
Reaction  Atmosphere  Ind­BOX  SM:Product 1  Air  Old  12:1 2  Air  New  6:1 3  Sealed  Old  7:1 4  Sealed  New  No Product    In  a  last  attempt  to  regain  the  reaction, multiple  sources of Cu(OAc)2 were obtained  from various  labs  throughout  the department  (Table  22).   By appearance, the  Cu(OAc)2  from  the  Snapper  lab  looked  like  a  combination  between  the anhydrous variant from the Hoveyda lab and the monohydrate from the Morken lab.  None of these Cu(OAc)2 variants, however, provided any sizeable conversion.   
Table 22: Copper (II) Acetate screen 
Reaction  Cu(OAc)2 Source  SM:Product 1  Snapper Lab (Shelf)  20.5:1 2  Snapper Lab (Dried over P2O5)  10.5:1 3  Hoveyda Lab  6:1 4  Morken Lab (Monohydrate)  No product  
Meso Diethyl Tartrate Studies   Since the reactivity of  the cis‐1,2‐cyclooctadiol substrate was not able to be restored,  we  decided  to  examine  a  new  substrate,  the  meso‐diethyl  tartrate  that Onomura used in his research.9  This substrate previously showed good activity for the  copper monoalkylation,  and  it was  hoped  that  the  increased  reactivity would carry over into the asymmetric variant.     The first item was to synthesize the new substrate.  Readily available maleic acid was transformed into diethyl maleate (Scheme 14).   This was done by reacting the  maleic  acid  with  SOCl2  and  EtOH  for  12  hours.    The  resulting  product  was 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deemed pure by NMR and used for further studies without purification.   OsO4 was then  used  to  covert  the  product  into  the meso  diethyl  tartrate  (Scheme  15).    The reaction produced the product in about a 60% yield over 48 hours.   
 
Scheme 14 
 
 
Scheme 15 
    The first objective was to test Onomura’s conditions (Scheme 16).   Under the conditions that he provided, we were able to obtain the monobenzylated product in a 41% yield.  This is significantly lower than the 86% yield that he presents, but still a promising start versus the previous reactivity we had seen with the cis‐1,2‐cyclo‐octadiol substrate.    
Scheme 16 
   
HO
O
OH
O SOCl2, EtOH
12 h
O
O
O
O
EtEt
93%
O
O
O
O
EtEt
OsO4, NMO
Acetone:H2O (4:1)
O
O
O
O
EtEt
HO OH
48 h
O
O
O
O
EtEt
HO OH
CuCl2, BnBr
K2CO3, DMF
O
O
O
O
EtEt
BnO OH
    55                     56
   
    56                         57
   
    57                                         58   
32 
 
  Studies to turn the reaction into an asymmetric catalyzed reaction were then attempted  (Scheme  17).    Using  the  Ind‐BOX  ligand,  multiple  copper  salts  were examined  (Table  23).    The  Cu(OAc)2  outperformed  the  others;  all  three  reactions, however, were racemic.   Since only 1 equivalent of  ligand  is used with  the copper salt,  it was  thought  that  the  reaction with  only  copper  and  no  ligand might  react faster than when both copper and ligand are used.   This would mean if any excess copper were present it would give a fully racemic product.  A second study was then run,  testing  three  different  BOX  ligands,  this  time  increasing  the  amount  of  BOX ligand  so  it was  in  slight  excess of  the  copper  salt  (Table  24).    It was  seen  that  the ligand slowed the progress of the reaction, however, it was also seen that all of the reactions gave a racemic product.    
Scheme 17 
   
Table 23: Copper Salt Screen 
Reactions  Copper Salt  SM:Product Area 1  CuCl2  1.2:1 2  Cu(OAc)2  1:6.1 3  Cu(OTf)2  3:1  
Table 24: Box ligand screen 
Reaction  BOX Ligand  SM:Product Area 1  tBu‐BOX  1.2:1 2  Bn‐BOX  1:1.1 3  Ind‐BOX  1:3.9 4  None  1:6 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Experimental 
 
General Experimental    All proton and carbon nuclear magnetic resonance spectrum were taken on an  INOVA with a 500 MHz  field  strength.   High  resolution mass  spectroscopy was done on a JEOL AccuTOF with Direct analysis in real time (DART) by Marek Domin of  the  Boston  College  Mass  Spectrsoscopy  Center.    All  gas  chromatographs  were taken  using  a  HP  5890  equiped  with  and  flame  ionization  detector  and  a  β‐dex column.     All amino acids were obtained from Novabiochem.  All other chemicals were obtained  from  either  Fisher  Scientific  or  Sigma‐Aldrich  Chemicals.    Solvents were dried on the in‐lab solvent system.  
  
(1R, 2S) cyclooctane­1,2­diol (46)  Cyclooctene (2.61 mL, 20.0 mmol) and N‐methylmorpholine‐N‐oxide (4.18 mL, 20.0 mmol)  were  added  to  a  stirred  solution  of  acetone  (40  mL)  and  water  (10  mL).  Osmium tetroxide (0.25 mL, 1.00 mmol) was added last and the reaction allowed to stir at room temperature.   After 16 hours the reaction mixture was quenched with sodium sulfite (1 g) and allowed to stir for 2 hours before diluting with brine (100 mL).   The reaction was extracted with DCM (3 x 75 mL) and the combined organic layers were  dried  over MgSO4,  filtered,  and  concentrated  in  vacuo  to  yield  a  light brown crystalline solid.   The solid was purified via silica gel  flash chromatography 
OH
OH
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(Et2O) to yield a white crystalline solid (1.17 g, 41%) that is consistent with known spectroscopic data.28  1H NMR (500 MHz, CDCl3) δ 3.93‐3.89 (m, 2H), 2.02 (d, J=4 Hz, 2H), 1.94‐1.87 (m, 2H), 1.71‐1.66 (m, 4H), 1.57‐1.49 (m, 6H).  
  
(1S,2R)­2­(benzyloxy)cyclooctanol (50) and (1R,2S)­1,2­bis(benzyloxy)­
cyclooctane (51)  An oven dried vial under N2 was charged with (1R,2S) cyclooctane‐1,2‐diol (30. mg, 0.21 mmol), 60.25% sodium hydride in oil (42.0 mg, 1.05 mmol) and dry THF (2.00 mL).   Benzyl bromide (128 μL, 1.05 mmol) was added and the reaction allowed to stir  for  3  hours  before  quenching with MeOH  (2 mL).    The  reaction mixture was concentrated in vacuo and then taken up in EtOAc (5 mL) where it was washed with HCl  (0.1 M, 2.5 mL),  saturated NaHCO3  (2.5 mL) and brine  (2.5 mL).   The organic layer was dried over MgSO4,  filtered and concentrated  in vacuo.   The product was purified  via  silica  gel  chromatography  (1:1 Hexanes:Et2O)  and  yielded pure mono benzylated  (17.4 mg, 35%) and  the bis benzylated product  (38.2 mg, 56%). Mono benzylated:29 1H NMR (500 MHz, CDCl3) δ 7.36‐7.34 (m, 5H), 4.63 (dd, J=2, 11.5 Hz, 1H), 4.51 (dd, J=2, 11.7 Hz, 1H) 3.96‐3.91 (m, 1H), 3.63‐3.61 (m, 1H), 2.57‐2.56 (m, 1H), 2.05‐1.43 (m, 12H). Bis benzylated: 1H NMR (500 MHz, CDCl3) δ 7.92‐7.24 (m, 10H), 4.60 (s, 4H), 2.07‐1.95 (m, 2 H), 1.82‐1.23 (m, 10H) HRMS calcd for C22H28O2 [M+H]+ 325.21675, found 325.21628.  
OBn
OH
OBn
OBn
35 
 
  
(1S,2R)­2­(benzyloxy)cyclooctanol (50)  Example protocol for all asymmetric reactions Cu(OAc)2 (1.2 mg, 0.0069 mmol) and Ind‐BOX (2.4 mg, 0.0069 mmol) were added to a stirring vial of MeCN (200 μL).   After 10 min, 1,2 – cyclooctadiol (10.0 mg, 0.069 mmol),  potassium  carbonate  (14.2 mg,  0.104 mmol)  and  dodecane  (10  μL)  were added  followed  lastly by benzyl bromide (12.7 μL, 0.104 mmol).   After stirring  for 38  hours  the  reaction  mixture  was  run  through  a  silica  gel  plug  (EtOAc)  and analyzed via GC. Experimental data is consistent with known spectroscopic data. (6 mg, 31%) 1H NMR (500 MHz, CDCl3) δ 7.36‐7.34 (m, 5H), 4.63 (dd, J=2, 11.5 Hz, 1H), 4.51 (dd, J=2, 11.7 Hz, 1H), 3.96‐3.91 (m, 1H), 3.63‐3.61 (m, 1H), 2.57‐2.56 (m, 1H), 2.05‐1.43 (m, 12H).  
  
diethyl maleate (56)  To  a  flask  containing  EtOH  (41.5 mL)  and maleic  acid  (2.90  g,  25.0 mmol),  SOCl2 (3.96 mL, 55.0 mmol) was added dropwise.  The reaction was allowed to stir for 12 hours before concentrating the solvent in vacuo.  The resulting oil was then taken up in DCM (20 mL), acidified with NaHCO3 (20 mL) and then extracted with DCM (3 x 10  mL).    The  combined  organic  layers  were  dried  over  MgSO4,  filtered  and concentrated  in  vacuo.    The white  crystalline  product was  consistent with  known 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spectroscopic data and deemed pure for future transformations without additional purification.30 (3.6 g, 83%) 1H NMR (500 MHz, CDCl3) δ 6.23 (s, 2H), 4.25 (q, J=7 Hz, 4H), 1.31 (t, J=7 Hz, 6H).  
 
(2R,3S)­diethyl 2,3­dihydroxysuccinate (57)  Diethyl  maleate  (3.44  g,  20.0  mmol)  and  N‐methylmorpholine‐N‐oxide  (4.18  mL, 20.0 mmol) were added to a stirred solution of acetone (40 mL) and water (10 mL).  Osmium tetroxide (0.25 mL, 1.00 mmol) was added last and the reaction allowed to stir at room temperature.   After 16 hours the reaction mixture was quenched with sodium sulfite (1 g) and allowed to stir for 2 hours before diluting with brine (100 mL).   The reaction was extracted with DCM (3 x 75 mL) and the combined organic layers were  dried  over MgSO4,  filtered,  and  concentrated  in  vacuo  to  yield  a  light brown crystalline solid.  The solid was purified via silica gel chromatography (Et2O) to  yield  a  white  crystalline  solid  (2.45  g,  60%)  that  is  consistent  with  known spectroscopic data.31 1H NMR (500 MHz, CDCl3) δ 4.59 (s, 2H), 4.33 (q, J=7 Hz, 4H), 3.22 (s, 2H), 1.37 (t, J=7 Hz, 6H).  
 
bis((3aS,8aR)­8,8a­dihydro­3aH­indeno[1,2­d]oxazol­2­yl)methane32 (92) 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A  solution of maloimmidate  (3.47 g,  15.0 mmol),  indanol  (4.50 g,  30.0 mmol)  and dichloroethane  (75  mL)  was  heated  at  reflux  with  stirring  for  1  hour.    Using  a syringe  pump,  Et3N  (3.98 mL,  30.0 mmol) was  added  over  the  course  of  30 min.  After  stirring  at  reflux  for  14  hours,  the  reaction mixture was  poured  into water (100 mL) and extracted with DCM (3 x 75 mL).  The combined organic layers were washed with brine (100 mL), dried over MgSO4, filtered and concentrated in vacuo to  yield  a  green‐brown  solid.    The product was  recrystallized  (1:1 MeOH:DCM)  to yield  a  white  crystalline  solid  (2.63  g,  53%)  that  was  consistent  with  known spectroscopic data.33 1H NMR (500 MHz, CDCl3) δ 7.48‐7.45 (m, 2H), 7.27‐7.23 (m, 6H), 5.57 (d, J=8 Hz, 2H), 5.34 (td, J=1.5, 7 Hz 2H), 3.39 (dd, J=7.5, 18 Hz, 2H), 3.27 (s, 2H), 3.16 (d, J=18 Hz, 2H).  
 
(3aS,3a'S,8aR,8a'R)­2,2'­(propane­2,2­diyl)bis(8,8a­dihydro­3aH­indeno[1,2­
d]oxazole) (54)  Dry THF (15 ml) was added with stirring to a sealed flask containing NaH (218 mg, 9.09 mmol)  and 92  (930 mg,  3.03 mmol).    MeI  (565  μL,  9.09 mmol)  was  slowly added before  the  reaction was allowed  to  stir  for 16 hours.   The reaction mixture was then washed with NaHCO3 (15 mL), Na2S2O3 (15 mL) and brine (15 mL) before the organic layer was dried over MgSO4, filtered and concentrated in vacuo to yield a crystalline  solid  (867  mg,  80%)  that  was  consistent  with  known  spectroscopic data.34 1H NMR (500 MHz, CDCl3) δ 7.51‐7.49 (m, 2H), 7.27‐7.22 (m, 6H), 5.52 (d, J=8 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Hz, 2H), 5.27‐5.24 (m, 2H), 3.30 (dd, J=7.5, 17.25 Hz, 2H), 2.95 (d, J=18 Hz, 2H), 1.42 (s, 6H) 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Chapter 2: First Aid Smart Fabrics 
 
Introduction Over  the past decade many researchers have been directing  their attention towards  developing  advanced  fabrics  with  novel  chemical  properties.    Areas  of interest  include  self‐cleaning  cloth,13,14  UV‐shielding  fabrics15,16  and  fire  resistant materials.17    Of  particular  interest  to  many  is  the  promise  of  fabrics  with antibacterial  properties, which  could  someday  be  used  to  rapidly  and  safely  treat injuries where more traditional medicine is not feasible. 
Permanently Linked Antibacterial Fabrics Jantas  and  co‐workers  developed  an  antibacterial  finished  cotton  fabric  in 2006.    In order  to create a handle  for  their bioactive agent,  the cellulose was  first reacted with chloroacetyl chloride in THF and pyridine (Scheme 18).  To have a more customizable  loading on  the  cotton  fabric,  the  reaction was  tested under different conditions.  It was found that as the temperature of the reaction was increased the percent  chlorine  on  the  fabric  also  increased  slightly.    At  25  oC  there was  0.78% chlorine.    When  the  temperature  increased  to  45  oC  the  chlorine  percentage increased to 1.14%.18   
Scheme 18 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 After  successful  coupling  of  the  chloroacetyl  chloride,  the  bioactive 1‐naphthylacetic  acid  was  then  added  by  stirring  the  potassium  salt  of  the naphthylacetic acid with  the derivatized cellulose at 30  oC  for 5 hours  (Scheme 19).  To test for positive coupling fourier transform infrared, (FTIR), spectra of a cotton standard,  chloroacetyl  chloride  coupled  cotton  fabric,  and  naphthylacetic  acid cotton fabric were taken.  In both the chloroacetyl cotton fabric and naphthylacetic acid  fabric FTIR a peak can be seen around 1750 cm‐1 caused by  the ester groups formed that  is not present  in  the cotton standard.   The FTIR of  the naphthylacetic acid cotton fabric also contains an additional peak at 780 cm‐1 that  is  indicative of the C‐H in the naphthyl rings.18    
Scheme 19 
  
  The coupling of the naphthylacetic acid does affect the physical properties of the  cotton  fabric.    Measurements  of  the  wetting  angle  showed  a  change  from  a hydrophilic  unmodified  cotton  to  a  more  hydrophobic  coupled  fabric.    Scanning electron  microscope  (SEM)  images  also  showed  an  increase  in  roughness  with additional coupling to the cotton fabric.  When testing the antibacterial properties of the  coupled  cotton  fabric  they  discovered  a  drastic  decrease  in  total  bacteria number after 24 hours in comparison to the untreated cotton fabric (Table 25).18 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Table 25: Summary of antibacterial properties of Jantas and co­workers fabrics 
Sample  Time, h  Total 
Bacteria 
Number 
Bacteriostatic 
Activity 
Bactericidal 
Activity 
Antibacterial 
Activity Cotton (untreated)  0  6.4 x 104  ‐  ‐  ‐ Cotton (untreated)  24  1.2 x 108  ‐  ‐  ‐ Treated Fabric  24  2.6 x 101  6.7  3.4  Strong    In 2007 Gupta and co‐workers used a natural dye, Quercus infectoria (QI), to create an antimicrobial  cotton  fabric.   Natural dyes have no affinity  to  cotton so a mordant  is needed  to allow  the dye  to adhere  to  the cotton  fabric.   Gupta and co‐workers tested three different mordants, alum [K2Al2(SO4)4], CuSO4 and FeSO4.18  To  qualitatively  test  the  antibacterial  properties,  a  parallel  streak  test was done.  This test examined both the inhibition of growth and determined if any zone of inhibition was present (Table 26).  The FeSO4 seemed to prevent binding of the QI to  the  cellulose  as  it  showed  the  same  antibacterial  properties  as  the  untreated cotton.   Under  initial studies  the  lone QI worked as well  for prohibiting growth as did the QI treated with any mordant except FeSO4.  Since a zone of inhibition occurs when the antibacterial agent leaks onto the fabric it  is therefore important to note that a lack of zone of inhibition does not necessarily imply a lack of activity.   If the antibacterial agent  is  leaking to cause a zone it could be more easily washed away with  laundering,  therefore  not  making  it  suitable  for  a  more  permanent  fabric binding.19 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Table 26: Summary of qualitative antibacterial properties of Gupta and co­workers cellulose 
fabric 
Growth  Zone of inhibition, mm Cotton Fabric 
E. coli  B. subtilis  E. coli  B. subtilis Untreated  +  +  0  0 QI  ‐  ‐  2  3 QI + 1% Al  ‐  ‐  1  0.5 QI + 5% Al  ‐  ‐  0.5  1 QI + 1% CuSO4  ‐  ‐  0  0 QI + 5% CuSO4  ‐  ‐  1  1.5 QI + 1% FeSO4  +  +  0  0 QI + 5% FeSO4  +  +  0  0    Quantitative studies showed that using a 12% QI impregnated cotton fabric was more effective against both E. coli and B. subtilis than the corresponding 6% QI fabric.  The studies also showed that the fabrics that used the alum and CuSO4 as a mordant  showed more  antibacterial  properties  than  QI  alone.    SEM  photographs also showed a  large reduction of B.  subtilis growth on  treated cotton  fibers versus untreated  fibers.   Gupta and co‐workers also  tested  the antibacterial properties of the fabric after multiple washings (Table 27).  As per their initial conclusions without mordant  the  QI  does  not  stick  to  the  cotton  and  is  washed  away  leaving  no antibacterial properties.  Both the QI attached with CuSO4 and Al complex mordants retain  a  large  majority  of  their  antibacterial  properties  even  after  five  washings.  This  makes  both  species  suitable  mordants  for  creating  a  reusable  antibacterial fabric.19 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Table 27: Summary of quantitative antibacterial properties of Gupta and co­workers cellulose 
fabrics 
After single laundering  After 5 launderings Bacteria  Cotton 
Fabric  Reduction 
in cfu % 
Activity 
Retention 
% 
Reduction 
in cfu % 
Activity 
Retention 
% Control  ‐  ‐  ‐  ‐ QI  33  55  0  0 QI + 5% Al  83  99.1  75  89.6 B. Subtilis  QI + 5% Cu  84.1  100  83  99.6 Control  ‐  ‐  ‐  ‐ QI  55.6  65.4  6.1  6.2 QI + 5% Al  30.2  84.4  27.1  75.6 E. coli  QI + 5% Cu  5.6  75.1  5.6  77.4    Joshi  and  co‐workers  used  a  polyester  (PET)/cotton  blend  instead  of  the more  common  100%  cotton  to  create  their  smart  fabric  in  2007.    They  used  an antimicrobial  agent  that  had  previous  been  extracted  from  Azadirachta  indica (Neem tree)  seeds.   Two different PET/cotton  fabrics were used; one  fabric had a 67/33   PET/cotton  ratio while  the  second had a 48/52  ratio.   To apply  the Neem extract  to  the  resin,  the  extract  was  cured  to  the  fabric  with  glyoxal/glycol, aluminum sulfate and tartaric acid.  To quantify how much Neem was added to the fabric, Joshi and co‐workers studied the additional weight on the fabric before and after washing the fabric (Table 28).  The 48/52 PET/cotton fabric was able to bind a small  amount  of  extra  Neem.    Increasing  the  amount  of  Neem  to  10%  did  not improve the amount of Neem binding after washing.20 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Table 28: Summary of Joshi and co­workers loading amounts onto PET/cotton fabrics 
67/33  48/52 Neem % 
Unwashed  Washed  Unwashed  Washed Control  3.3  0.2  5.2  0.5 5% Neem  7.7  1.2  10.7  1.3 10% Neem  15.1  1.1  23.0  1.4    Multiple physical properties were  tested to determine how much the  fabric was affected by the binding of Neem.   The first property tested was the dry crease recovery angle (CRA) (Table 29).  A larger CRA implies additional crosslinking of the fabric.    Both  treated  fabrics  had  a  larger  CRA  than  the  untreated  fabric.    Larger amounts of cross linking can lead to more brittle fibers.   This is seen in the tensile strength  (TS)  retention  percentage,  where  both  Neem  treated  fabrics  do  have  a lower tensile strength than the untreated fabrics.  Since appearance also matters for fabrics,  the whiteness  index was  tested  for all  fabrics.   The more Neem bound  the lesser the whiteness percentage is seen, though after the first wash a majority of the whiteness is returned.20    
Table 29: Summary of physical properties of derivatized fabrics by Joshi and co­workers 
Fabric  Average CRA  CV% CRA  Tensile Strength 
Retention Untreated (67/33)  213  0.40  100 Neem (67/33)  223  0.69  88 Untreated (48/52)  240  0.57  100 Neem (48/52)  255  0.58  86     B.  subtilis  and  Proteus  vulgaris  were  the  bacteria  used  to  test  the antimicrobial  properties  of  the  fabric.    Both  fabrics  showed  large  antibacterial activity.   When using 48/52 fabric this activity dipped slightly with 1 and 3 washes 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but still retained the majority of its effectiveness.  After 5 washes however, it dipped to  approximately 1/3 of  its  initial  activity.    The 67/33  fabric  lost  about half  of  its activity after the first wash with only a slight additional loss after the 3rd wash.  After the  fifth wash,  however,  it  had  decreased  to  about  1/5  of  its  initial  activity.    This activity can even be visibly seen when colonies are grown as there are many fewer colonies  seen on  the 48/52  fabric  versus  the untreated  fabric,  even after multiple washing  of  the  fabric.    Interestingly,  Joshi  and  co‐workers  saw  no  additional antibacterial activity on any  fabric when using 10% Neem versus 5% Neem,  likely due to the fabric already being saturated with Neem.20  In  2009  Fouda  and  co‐workers  used  microwave  technologies  to  impart crosslinking onto the cellulose.  As previously discussed, crosslinking can negatively impact  the  properties  of  cotton,  however,  it  does  make  attaching  further functionality  easier.    By  using microwave  technology  the  hope was  to  reduce  the negative  implications  of  crosslinking.  Figure  4  shows  the  structures  of  the crosslinking agents tested.21   
 
 
 
Figure 4: Structure of crosslinking agents used by Fouda and co­workers 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To impart antibacterial properties, water‐soluble chitosan was added to the mixture  during  the  curing  phase.    The  fabric was  tested  for  its  CRA.   When using conventional  crosslinking methods  the BTCA  crosslinking  agent provided  the best CRA,  however,  when  using  the  microwave  the  glyoxyl  cross  linker  proved  to  be more efficient.   The TS was best  in both conventional and microwave curing when glyoxyl was used.   The chitosan  treated microwave cured sample showed a better tensile strength than the conventional method.21     Chitosan concentration was tested against both CRA and TS and it was found that using a 1% solution of chitosan provided optimal conditions.   Further studies were done using the 1% chitosan to determine ideal microwave power and reaction time and the results are summarized in Table 30.  The TS decreased with time but did not offer a significant increase in CRA, making the shorter microwave times better.  It was decided to use 200 W over a period of 2 minutes to obtain the best balance of physical properties.21  
Table 30: Summary of physical property variations with power and time 
Power (W)  Time (min)  CRA (o)  TS (kg) 200  1  252  60   2  273  58   3  271  55 400  1  269  54   2  273  51   3  275  49  To  test  the antibacterial properties of  the chitosan cross  linked material, E. 
Coli  and Micrococcus  luteus  were  used.    The  antibacterial  activity  was  tested  by noting the Formazan absorbance.  The absorbance is directly proportional to active 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bacteria cells,  therefore the lower the absorbance the less cells are present.   Using only  1%  chitosan,  the  material  was  able  to  reduce  the  bacteria  by  50%.    High chitosan  concentrations  continued  to  bring  the  absorbance  down,  though  not  as drastically as the initial 1%.   Yi and coworkers, in 2010, used a natural dye to test antibacterial properties on cotton and wool fabrics.  Citrus grandis Osbeck is an herb that is commonly used in  traditional  Korean  medicine.    The  dye  was  bound  to  the  cotton  through considerable optimization.  The ideal pH of the system was found to be 3.  The pH of the dye solution without any buffer was found to have a pH in the range of 3.2‐3.5 and  further  reactions were  carried  out without  controlling  pH.    The  temperature was optimized at 60  oC and  it was determined  that  after 60 min  the  reaction was complete.  The dye concentration was optimized at 800%.22 Many properties of the dyed fabric were tested specifically how well the dye adhered in relation to multiple conditions (Table 31).  The fabrics were each rated on a scale of 1‐5 with 1 being poor and 5 being excellent.  Overall, the fabric dyed with the  800%  concentration  performed  best  in  each  of  the  tests,  while  the  100% concentration performed the worst in almost every category.22 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Table 31: Summary by Yi and co­workers of the fastness properties under multiple 
conditions21         Dye Concentration (%) 
Fastness  100%  300%  600%  800% Rub  Dry      3‐4  3‐4  4‐5  4‐5   Wet      3‐4  3‐4  4  4‐5 Wash  Shade      1‐2  2  2  4   Staining  Cotton    2‐3  3‐4  4  4‐5     Wool    3  3‐4  4‐5  4‐5 Sweat  Shade  Alkaline    2‐3  2‐3  3‐4  3‐4     Acid    2  2‐3  2‐3  3‐4   Staining  Alkaline  Cotton  2‐3  2‐3  4  4‐5       Wool  3  3‐4  4‐5  4‐5     Acid  Cotton  2  3‐4  4  4‐5       Wool  3  3‐4  4‐5  4‐5 Light        2‐3  2‐3  3‐4  3‐4    600% and 800% dyed cotton fabric was tested against both S. aureus and K. 
pneumoniae.   Both showed about a 10% reduction against K. pneumoniae  initially, but  after  1 washing,  neither  fabric was  at  all  effective  against  the  bacteria  strain.  800% fabric showed nearly 100% reduction against S. aureus that lasted with only slight  loss  in  activity  after  5  washings.    After  10  washings,  however,  the  activity reduced to only about 50%.  The 600% fabric showed about 85% reduction against 
S. aureus initially, with a decrease to about 60% after 5 washings and 35% after 10 washings.22     In  2009,  Goel  and  co‐workers  used  radiation  to  graft  a  quaternary ammonium  salt  (QAS)  onto  cotton  in  order  to  give  it  antibacterial  properties.  [2‐(methacryloxloxy)ethyl]trimethylammonium chloride (MAETC), Figure 5 , was the ammonium monomer used to impart the antibacterial properties.23 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Figure 5: MAETC    To get optimal functionalization of their cotton, multiple tests were done to determine the ideal dosage and dose rate where the dosage of radiation controls the number of free radicals generated while the dose rate affects the rate of initiations.  Through their studies, the optimal dose of radiation was determined to be 1.25 kGy and  the  grafting  percentage was  determined  to  be  inversely  proportional  to  dose rate.  In atmospheric studies, they found that nitrogen provided the largest grafting percentage  while  oxygen  was  the  worst.    This  is  presumably  due  to  the  radical quenching properties of oxygen.     Increasing  the  amount  of  MAETC  present  also  increased  the  amount  of grafting.  However, using an amount of MAETC of greater than 50% created a large problem of homopolymerization of the MAETC.  Multiple tests were done to attempt to  control  the homopolymerization, but  any  conditions  that were  shown  to  lessen the amount of homopolymer also reduced the grafting.     E.  coli, S.  aureus, B.  cereus  and P.  fluorescens were  tested  to  determine  any antimicrobial activity of the MAETC fabric.  E. coli was able to be reduced by a 4 log kill of  its  initial  inoculation, S. aureus by a 5  log kill, B. cereus by a 4  log kill and P. 
fluorescens by a 2 log kill over the course of 24 hours using a 33% MAETC graft.23   Nakamura  and  co‐workers  derivatized  a  cotton  cellulose  fabric  with antibacterial peptide chains  in 2011.   The 9‐mer peptides used (Figure 6) had been 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previously shown to be effective against cancer cell lines and bacteria by interfering with the cell membrane.  Nakamura and co‐workers theorized that the immobilized peptides would show similar activities.24    
 
Figure 6: 9­mer peptides used by Nakamura and co­workers    Scheme 20 summarizes how the cellulose fabric was derivatized.  The first step involved combining the cellulose with epibromohydrin in the presence of perchloric acid to impart a short spacer functionality.  Then the fabric was derivatized further with either a 3 or 10 carbon spacer  to provide  the  functionalized cellulose shown below.   Testing showed a  functionalization of 1.15 μmol/cm2.   This value could be controlled by altering reaction time and temperature to obtain a range of about 0.5‐1.5 μmol/cm2.23 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Scheme 20 
   The  peptides  were  attached  via  solid  phase  peptide  synthesis.    The  C3‐A peptide was attached in an amount of 0.32 μmol/cm2 while C10‐A was slightly less at 0.27 μmol/cm2.  C10‐D was even less with an attachment of 0.13 μmol/cm2.  The fibers were tested against a 1.47 x 106 CFU inoculation of MRSA (Table 32).  Both the C3‐A and C10‐A were effective in reducing amount of bacteria to about 0.1% after 1 h and to 0.05% after 18 h.  All of the other non peptide fibers and peptide fibers with the  protecting  groups  still  attached  did  not  reduced  the  amount  attached  and actually showed growth of bacteria after 18 h.  This was also confirmed by imagery as the C10‐A and C10‐D both showed no visible colonies while they thrived on the untreated cotton and the C10 (no peptide attached) cotton.24 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Table 32: Quantitative antibacterial properties of Nakamura and co­workers cellulose fabric23 
  1 h  18 h C3  1.22 x 106  4.94 x 106 C3‐A  3.20 x 103  5.00 x 102 C3‐pA  1.04 x 106  4.46 x 106 C10  1.17 x 106  2.89 x 106 C10‐A  1.59 x 103  4.00 x 102 C10‐pA  1.30 x 106  3.81 x 106    The C3‐A and C10‐A were also tested against multiple inoculations of MRSA where  the  fabric  was  washed  with  distilled  water  and  autoclaved  for  15  min between each inoculation.  Neither fabric showed any reduction in activity from the washing and was able to similarly reduce bacterial growth with each trial.  The C10‐D  fabric  was  tested  against  the  Jurkat  and  P3‐X63‐Ag8.653  cancer  cell  lines.    It reduced cancer activity down to about 10% in the Jurkat cell lines and to almost 0% in the P3 cell lines, even after repeated washings.24     In 2010, Varo and co‐workers tested the claims of a commercially available antibacterial  fiber, Bioactive‐Treated Fabric  (BTF).   This polyester/cotton  (80/20) blend is stated by the manufactures to have a silver ion concentration of around 180 ppm and to be useful against a multitude of bacteria.  The average inhibition of ten different bacteria strains was tested for both a control fabric (CF) and the BTF  (Table 
33).  The results were given by the logarithmic reduction of bacteria growth.25      
62 
 
Table 33: Summary of bacteria tested by Varo and co­workers using the Bioactive­treated 
fabric 
  CS 
(cfu/ml) 
3 h  24 h  48 h  72 h 
    CF  BTF  CF  BTF  CF  BTF  CF  BTF 
A. baumannii  3.5 x 106  0  0  0  2.6  0  4.1  0.8  5 
E. aerogenes  5.8 x 106  0  1.5  0  3.4  2.2  4.3  4  5 
E. coli  5.5 x 106  0  0  0  4  2  5  4.5  5 
E. faecalis  3.8 x 106  0  0  1.8  3.1  2  4  4  4.8 
K. pneumoniae  4.0 x 106  0  0.6  0  5  4  5  4  5 
M. morganii  4.5 x 106  0  0  0  4  4  5  5  5 
P. aeruginosa  4.2 x 106  0  0.3  0  4  2  4  5  5 
P. aeruginosa mucous  3.5 x 106  0  3.8  4.2  5  4.5  5  5  5 
P. mirabilis  3.5 x 106  0  1.1  0  4  3  4.6  4  5 
S. aureus  2.8 x 106  0  1.3  1.5  4.2  3  5  3  5 
S. epidermidis  3.2 x 106  0  0  1.6  4  3  5  3.2  5    The BTF worked the fastest against the P. aeruginosa mucous and the slowest against the E. faecalis.   In almost all cases the control fabric began to show signs of reduction by the 72 h completion, though the BTF was more effective.  In the cases where  the  BTF  and  CF  show  the  same  reduction  by  the  end  of  the  72  hour observation,  it  can be  seen  that  the BTF worked much  faster  in  getting  to  the  full reduction of the bacterial strain growth.  After 72 hours the BTF was able to reduce the  bacteria  amount  by  99.64%  in  almost  every  case.    While  this  study  has confirmed what is presented by the manufacture, no study has been done to see if using this material  for uniforms and  linens reduces the amount of bacteria passed from doctor to patient in a healthcare setting.25   
Releasable Drug Antibacterial Fabrics All of the previous examples hold to the same downfall, in order for the fabric to  be  effective  it  must  come  in  direct  contact  with  the  bacteria.    This  gives  two 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distinct downfalls.  First of all, the fabric linker must be attached to the antibacterial agent in such a fashion as to not negatively impact its activity.  The second downfall is that the solid support agent will likely not be able to cross the cell membrane and therefore  will  require  the  antibacterial  agent  to  need  to  be  effective  while  only interacting with  the  cell wall.   There has  therefore  started  to be  research  into  the controlled release of antibacterial agents while in the body.26     Ashley  and  co‐workers  recently  submitted  a  patent  in  2011  for  their controlled release of drugs or prodrugs through a β hydride elimination (Scheme 21).  The  acidity  of  the  proton  directly  controls  how  fast  the  drug  is  disturbed  at physiological conditions in which more acidic protons release the drug faster.  This acidity  can  be  directly  controlled  by  the  nature  of  the  solid  support  and  trigger attached  to  the  molecule.    This  method  can  be  used  to  release  small  molecule natural products as well as nucleic acids and peptide drugs.26   
Scheme 21 
   When the trigger is a phenyl substituent, SAR studies were done both in vitro at a pH of 7.4 and in vivo in a rat.  They were able to discover that the rate of the β elimination  is  dependent  on  the  substituents.    Electron  withdrawing  groups attached  to  the phenyl  trigger promote  a  faster  rate  of  elimination while  electron donating groups provided a much slower rate of elimination.26 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 Another patent was submitted  in 2010 by Pappas as a method for selective drug delivery.  His method involved the formation of a polymer matrix cell.  This cell would be  formed  from at  least  two different  small molecule monomers.   Amongst the monomers, there would be at least one that would be known as the recognition site.  This recognition site would combine with other monomers to form active sites on the polymer matrix.27   Pappas envisions a  trigger molecule, which could bind to  the active site via interactions with the recognition sites.  This binding would release a bioactive agent once a certain concentration of trigger was bound.  There could also be a top bound of  binding  where  if  too  high  of  a  concentration  of  trigger  was  bound,  no  more bioactive agent would be released.   This multi  level  triggering of  the  trigger could allow  for  the  polymer  matrix  to  include  active  sites  for  more  than  one  trigger.  Therefore, any one polymer matrix cell could release multiple bioactive agents into the body.27  
Research Plan The smart  fabric we envision creating  involves a releasable drug.   As blood has many unique properties, we theorized that we could create a linker between the solid support and the active agent that could be selectively cleaved by blood.  (Figure 
7) This design would  allow  for  the  immediate  release of  a drug upon exposure  to blood caused by injury.  Various types of drugs are possible to be released, including but  not  limited  to,  pain  killers,  vasoconstrictors  and  antibacterial  agents  –  all  of which would be important medications to get at the time of injury. 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Figure 7: Design of first aid smart fabric    Blood  has  many  enzymes  known  for  cleaving  peptide  bonds,  making  a peptide linker a logical choice as a starting point (Scheme 22).   Upon cleavage of the peptide bond  in  the presence of  blood,  the  free  amine  could  cyclize,  releasing  the drug  in  its  active  form.    The  enzyme  thrombin,  present  in  blood,  is  known  for cleaving  the Arg‐Gly  bond  in  the  six  amino  acid  sequence  of  Leu‐Val‐Pro‐Arg‐Gly‐Ser.    Once  the  bond  has  been  cleaved,  the  glycine  should  cyclize  forming  the diketopiperazine  ring  with  the  serine  and  releasing  the  drug.    Therefore,  the previously  mentioned  six  amino  acid  peptide  will  be  the  starting  point  for  our research. 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Scheme 22 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Results and Discussion 
Fluorescent Test Reaction   The  first  step  in  the  reaction  sequence  was  to  first  make  the  fluorescent probe that would be used to test the loading amounts on the filter paper.  To do this, the  following  fluorescent  coumarin  derivative  was  given  an  additional  reactive handle with which it could be attached to the filter paper.  The known SN2 reaction proceeded with excellent yield and upon purification by trituration with Et2O could be used without further recrystallization (Scheme 23).  
Scheme 23 
     In  order  to  allow  space  between  the  filter  paper  and  where  the  reaction would  proceed  the  cellulose  paper  was  derivatized.    4‐cm  Circles  of  Grade  1 Whatman  filter paper was used  in  all  experiments.    The  cellulose was derivatized with  pentaethylene  hexamine  (PEHA),  epichlorhydrin  (EClH),  and  NaBH4  in  2% NaOH for 4 hours at 50 oC (Scheme 24).   
Scheme 24 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 When the reaction was first run, all reagents were combined in a beaker with no stirring and no heating (Table 34).  When the reaction was tested with ninhydrin stain,  no  purple  color  was  seen  indicating  that  no  coupling  had  occurred.    The volume of the solution also only barely coated the filter paper.  The second attempt doubled all reagents in order for the filter paper to be fully submerged.  The reaction was also heated to 50 oC in an oven for 4 hours without stirring.  When stained with ninhydrin, there were spots of positive coupling, but the coupling was not even over the entire paper as noted by a speckled look to the ninhydrin stain.  Reaction 3 was prepared identical to reaction 2 except the concentrations of PEHA and EClH were doubled.  Upon staining with ninhydrin the filter paper was still speckled.   
Table 34: Conditions tested in order to derivatize filter paper 
Reaction  Method  Volume NaOH  Heated  Ninhydrin 1  All Reagents combined  1.6 mL  Not  Negative 2  All Reagents combined  3.2 mL  Oven  Positive 3  All Reagents combined  3.2 mL  Oven  Positive 4  All Reagents combined  3.2 mL  Oil Bath  Positive 5  PEHA first, EClH/NaBH4 added at once at 50 oC 
3.2 mL  Oil Bath  Positive 
6  PEHA first, EClH/NaBH4 added at once at 50 oC 
5 mL  Oil Bath  Positive 
   Reaction  4  was  moved  to  heating  in  an  oil  bath  so  the  reaction  could  be stirred.   When  the  filter  paper was  stained,  the  paper was  stained mostly  evenly, 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with  the  location  of  the  stir  bar  being  left  underivatized.    Reaction  5,  altered  the addition of reagents  to more closely  follow the reference, but upon staining  it still looked the same as reaction 4.  Over the course of the reaction, it was noted that the solvent completely evaporated.   The volume of  the reaction was  then scaled up  to have 5 mL of NaOH.   The resulting stained filter paper was the most uniform with only a very small spot directly in the center remaining not derivatized.     After  derivation,  the  cellulose  was  functionalized  with  a  reactive  handle (Scheme  25).    Succinic  anhydride  in  pyridine was  used  to  add  on  a  4‐carbon  chain ending in a carboxylic acid.   EDC, DIPEA, HOBt were initially tested in pyridine for the coupling conditions.  However, when tested with ninhydrin, the test still yielded a  purple  filter  paper  indicating  that  primary  amines were  still  present.    A  second reaction  was  done  using  only  DMAP  as  the  coupling  reagent.    After  testing  with ninhydrin  the  test  yielded  only  a  faint  yellow  filter  paper,  a  negative  result  for primary amines, implying coupling of the succinic anhydride.    
Scheme 25 
     Although  the  reaction  run  with  DMAP  initially  gave  a  negative  ninhydrin reading, additional reactions proved to be  inconsistent.   A screen of reactions was then run to test multiple types of coupling agents using DMAP as an activating agent  (Table 35).   All conditions tested gave negative ninhydrin tests.   To ensure coupling 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for  future  reactions,  DMAP  and  EDC  were  both  used  to  attach  the  succinic anhydride.    
Table 35: Conditions tested for functionalizing filter paper with ninhydrin as conformation 
Reaction  Activation Agent  Coupling Agent  Ninhydrin 1  DMAP  None  Negative 2  None  EDC  Negative 3  DMAP  EDC  Negative 4  None  DCC  Negative 5  DMAP  DCC  Negative    After some consideration,  it was noted that  the ninhydrin only tests  for  the presence  of  primary  amines.    Therefore  it would  test  negative  for  coupling  of  the succinic  anhydride,  and  for  over  coupling  where  the  ends  of  the  functionalized cellulose coupled together.   Bromocresol green was then chosen as a second stain.  Under  acidic  conditions  it  should  turn  yellow.   Multiple  coupling  conditions were tested using the new stain (Table 36).  No reaction gave a perfectly yellow paper, but some papers were significantly lighter in color than others.    
Table 36: Conditions tested for functionalizing filter paper using bromocresol green as 
confirmation 
Reaction  Activating Agent  Coupling Agent  Color 1  None  None  Light green 2  DMAP  None  Light teal 3  DMAP  DCC  Green 4  None  DCC  Blue 5  DMAP  EDC  Teal 6  None  EDC  Teal 7  DMAP  DIC  Light Teal 8  None  DIC  Light Teal    Four of the reactions were tested a second time following a slightly different protocol.   After the regular washing of the filter paper, the paper was then washed 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with  saturated  ammonium  chloride  to  protonate  any  of  the  secondary  amines, which would make the paper slightly basic.  The paper was then washed thoroughly with water followed by DCM. The new set of reactions were then tested against two controls (Table 37).  It was determined that using no activating agent and no coupling agent  gave  the most  yellow  filter paper  implying  that  it was  the most  acidic  filter paper.    Since  we  want  the  carboxylic  acid  on  the  filter  paper,  this  result  implies largest amount of succinic anhydride coupled.    
Table 37: Second screen of conditions for functionalization of  filter paper using bromocresol 
green as conformation of coupling 
Reaction  Activating Agent  Coupling Agent  Color 1  None  None  Yellow‐Green 2  DMAP  None  Light teal 3  DMAP  EDC  Teal 4  None  DIC  Light green Control – Filter Paper  None  None  Blue Control – Derivatized Filter Paper  None  None  Blue    The  fluorescent  probe was  then  attached  to  the  functionalized  filter  paper (Scheme 26).  Conditions were tested both with and without the EDC coupling agent.  In  both  cases  the  filter  paper  glowed  under  UV  light  indicating  positive  coupling.  Once the fluorescent probe was added, it needed to be easily removed in order for testing in the future.  Using aqueous KOH the fluorescent probe was removed from the  cellulose  (Scheme  27).    The  reaction was  first  tested  using  1 M KOH  and when retested under UV light, it showed no difference in fluorescence.  Successful cleavage 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was found by using 3 M KOH and heating the reaction to 50 oC. UV light no longer induced fluorescence on the cellulose paper.    
Scheme 26 
   
Scheme 27 
  
Peptide Synthesis Once the test reaction was complete, the peptide chain, Leu‐Val‐Pro‐Arg‐Gly‐Ser  had  to  be  synthesized  so  it  could  be  tested  with  the  thrombin  enzyme.    The fluorescent  probe  was  first  attached  to  an  Fmoc  protected  serine.    Multiple conditions were tested to couple the serine (Table 38).  Once coupled, the serine was deprotected  using  TAEA  in  DCM  (Scheme  28).    This  did  prove  problematic  upon purification,  and  in  studies,  the  deprotection  and  subsequent  coupling were  done with no isolation in between. 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Table 38: Reaction tests for the coupling of Fmoc­Ser­OH to the fluorescent probe
   
Reaction  Reagents  Yield 1  POCl3  70% 2  DMAP, DIC  72% 3  DMAP, DIC (fresh)  >90% 4  HBTU, DIPEA  89%   
Scheme 28 
 
  The second amino acid, glycine, was then attached to the peptide chain in its Fmoc protected form (Scheme 29).  HBTU and DIPEA were used as coupling reagents and the reaction proceeded with 77% yield.  When the glycine was deprotected with TAEA in DCM (Scheme 30), however, the resulting NMR only showed the fluorescent probe.  It is theorized that the peptide chain cyclized, forming the diketopiperazine ring and kicking off  the  fluorescent probe.   While  this presented a problem  in  the synthesis,  it  offered  an  insight  into  late  stage  solutions.    Since  the  thrombin  will cleave at the Arg‐Gly bond,  it will  leave the glycine‐serine bond to cyclize and kick 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off  the  bioactive  agent.    Since  the  glycine‐serine  cyclizes  at  room  temperature,  it should have no problem cyclizing at the body temperature of human skin.    
Scheme 29 
   
Scheme 30 
    
To  avoid  the  glycine‐serine  dipeptide,  it  was  decided  to  synthesize  the  5 amino acid chain of Leu‐Val‐Pro‐Arg‐Gly and then attach it to the serine fluorescent probe.   To do  this,  an N‐protected glycine was benzyl protected on  the  carboxylic acid.    The  reaction  proceeded  well  yielding  the  doubly  protected  glycine  in  90% yield (Scheme 31).  
Scheme 31 
    The N‐terminus of the glycine was then deprotected (Scheme 32).  When using Boc glycine, 4 M HCl  in dioxane was used as a deprotection agent.   Even upon full basification of  the aqueous phase  the  free amine glycine  could not be  isolated. To 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obtain  a  pure  product,  the  Boc  deprotection  was  used  and  upon  completion  the reaction mixture was  concentrated  in  vacuo  to  give  the  isolated  HCl  salt.    It  was basified with exactly one equivalent of DIPEA before use in further reactions.    
Scheme 32 
     Once the free amine was  isolated, a protected arginine was then coupled to the glycine.   Multiple reagents were tested to optimize the coupling reaction (Table 
39).   Run 1 did not provide  a  large yield.    The  same  reagents were used a  second time,  except  a  fresh  bottle  of  DIPEA was  used  as well  as  dry  solvents.   While  the yield  did  improve,  the DIPEA was  difficult  to  remove  from  the  product.    EDC  and HOBt were tried in order to avoid the need for the base; however, the reaction was extremely messy as determined by NMR.   Other studies being done in parallel had showed PyBOP and DIPEA as an effective combination for coupling and it proved to be much more effective for this coupling.  The glycine HCl salt was used in reaction 5 (an additional 1.5 equivalents of DIPEA was added to the reaction mixture) but the reaction  did  not  proceed.    When  moving  to  the  Fmoc  protected  arginine,  the reaction worked best with purification on a short silica plug with acetonitrile as an eluent. 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Table 39: Screen of reagents for the Arg­Gly coupling 
  
Reaction  PG  Reagents  HCl Salt  Yield 1  Boc  HBTU/DIPEA  No  75%a 2  Boc  EDC/HOBt  No  Rxn Messy 3  Boc  PyBOP/DIPEA  No  69% 4  Boc  PyBOP/DIPEA  Yes  NR 5  Fmoc  PyBOP/DIPEA  No  87% a. Reaction messy and hard to purify    Since the coupling of the glycine to the serine was going to be difficult with the full peptide chain, the shorter arginine‐glycine chain was first used to optimize conditions  for  the coupling.   To do  this,  the benzyl protecting group was removed from the carboxylic acid by hydrogenation (Scheme 33).  The reaction proceeded with high yield to give a clean product, 90.    
Scheme 33 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 The  coupling  reaction  of  the  dipeptide  arginine‐glycine,  90,  to  the  serine‐fluorescent probe (Scheme 34) proved difficult.  Initially, HBTU and DIPEA were used but  no  reaction  proceeded.    The  reaction  was  attempted  again  after  scrupulous drying and again, no reaction proceeded.   In  attempt  to  further  promote  the coupling, HOBt was also added to the reaction with the HBTU and DIPEA; however, still no product was observed.    
Scheme 34 
  
   To  find a set of  reagents  to promote  the reaction, a screening of conditions were carried out (Table 40).  In every case, no product was observed.  Upon column purification all of the starting material was recovered telling us that a side reaction was not outcompeting  the  coupling.   A  final  reaction was  tested using PyBOP and DIPEA in DCM which was successful in forming product. 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Table 40: Screen of reagents to optimize Arg­Gly to Ser coupling 
Reaction  Solvent  Activating 
Agent 
Coupling 
Agent 
Base 1  DCM  None  None  None 2  DCM  HOBt  HBTU  DIPEA 3  DCM  HOBt  TBTU  DIPEA 4  DCM  HOBt  DIC  None 5  DMF  None  None  None 6  DMF  HOBt  HBTU  DIPEA 7  DMF  HOBt  TBTU  DIPEA 8  DMF  HOBt  DIC  None 9  Pyridine  DMAP  DIC  None       To continue with the synthesis of the peptide, the arginine was deprotected.  When  Fmoc  arginine  was  used  both  TAEA  in  DCM  and  piperidine  in  DCM  were tested but the product was unable to be isolated.  When Boc arginine was used, 4 M HCl was  used  as  a  deprotection  agent.    Again,  no  desired  product was  able  to  be isolated.    Due  to  the  challenges  with  the  solution  phase  synthesis  that  were occurring,  it was determined that solid phase peptide synthesis would be  the new direction to take the project. 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Experimental   
 
7­(2­hydroxyethoxy)­4­methyl­2H­chromen­2­one35 (77)  Coumarin  derivative  (920  mg,  5.00  mmol),  potassium  carbonate  (1.38  g,  10.0 mmol), and 2‐bromoethanol (529 μL, 7.50 mmol) were combined with DMF (19 mL) and allowed to stir at 100 oC for 16 hours.  Reaction was quenched with aqueous HCl (1 M, 20 mL) and allowed to stir until the mixture reached room temperature.  The mixture was extracted with DCM (5 X 20 mL) until no white precipitate remained.  The combined organic  layers were washed with brine  (30 mL), dried over MgSO4, filtered and concentrated in vacuo.  The white solid was triturated with Et2O to yield the solid in pure form (1.042 g, 95%) that was consistent with known spectroscopic data.35  1H NMR (500 MHz, CDCl3) δ 7.50 (d, J=9 Hz, 1H), 6.88 (d, J=8.5 Hz, 1H), 6.83 (s, 1H), 6.14 (s, 1H), 4.15 (t, J=4.5 Hz, 2H), 4.01 (t, J=4.5 Hz, 2H), 2.39 (s, 3H).  
 
Derivatized Cellulose36 (79)  Grade 1 Whatman filter paper was combined with 2% NaOH (5 mL) and PEHA (200 μL) with stirring and slowly heated to 50 oC.   Once at  temperature, EClH (275 μL) and NaBH4 (few milligrams) were added.  After 4 hours the reaction was cooled to room temperature and the filter paper washed with 2% NaOH (100 mL).  A sliver of 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paper  was  cut  from  the  circle  and  tested  positive  for  primary  amines  using ninhydrin.37   
 
Functionalized Cellulose (80)  Derivatized grade 1 Whatman filter paper was combined with stirring with succinic anhydride (207 mg, 2.00 mmol) and pyridine (6 mL).   After 12 hours  the reaction was washed with  pyridine  (25 mL)  and DCM  (25 mL).    A  sliver  of  paper was  cut from the circle and washed with NH4Cl (5 mL), H2O (5 mL) and DCM (5 mL) before being tested with Bromocresol Green stain.37  The resulting light yellow‐green color indicated positive coupling.   
 
Cellulose Fluorescent Probe (81)  Fluorescent probe, # (30 mg, 0.13 mmol) was combined with stirring with DMAP (3 mg, 0.02 mmol), pyridine (2 mL) and functionalized grade 1 Whatman filter paper.  After 12 hours  the  filter paper was removed and washed with water  (25 mL) and DCM  (25 mL)  before  air  drying.    The  paper  fluoresced  under  UV  light  indicating positive coupling. 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(S)­2­((4­methyl­2­oxo­2H­chromen­7­yl)oxy)ethyl 2­((((9H­fluoren­9­yl)­
methoxy)carbonyl)amino)­3­(tert­butoxy)propanoate (83)  Fluorescent  Probe,  77,  (23.8 mg,  0.108 mmol) was  stirred with  Fmoc‐Ser‐OH  (35 mg, 0.09 mmol) under N2 with dry DCM (1.50 mL). The DIPEA  (17 μL, 0.1 mmol) was then added followed immediately by HBTU (37 mg, 0.1 mmol).  After stirring at rt for 2 hours the reaction mixture was washed with NaHCO3 (1 mL), NH4Cl (1 mL), and  brine  (1 mL)  before  drying  over MgSO4,  filtering  and  concentrating  in  vacuo.  The  reaction  was  purified  via  silica  gel  chromatography  (3:2  EtOAc:Hexanes)  to yield a white solid (48.8 mg, 94%). 1H NMR (500 MHz, CDCl3) δ 7.74 (d, J=8 Hz, 2H), 7.60 (t, J=8.5 Hz, 2H), 7.52 (d, J=9 Hz, 1H), 7.43‐7.38 (m, 2H), 7.31 (t, J=7.5 Hz, 2H), 6.89 (dd, J=2.5, 9Hz, 1H), 6.83‐6.80 (m, 1H), 6.75 (d, J=2.5 Hz, 1H), 6.15 (d, J=12.5 Hz, 1H), 5.66 (d, J=9 Hz, 1H) 4.61‐4.49 (m, 4H), 4.31‐4.20 (m, 4H), 3.89 (dd, J=3.5, 9Hz, 1H), 3.62 (dd, J=3, 8.5 Hz, 1H), 2.36 (s, 3H), 1.14 (s, 9H). 13C NMR (125 MHz, CDCl3) δ 171, 161, 161, 156, 155, 153, 144, 141, 141, 128, 127, 126, 125, 125, 120, 114, 113, 112, 102, 73.8, 67.5, 66.4, 63.5, 62.2, 62.0, 61.1, 54.9, 47.3, 27.5, 18.8. IR (cm‐1) 3424, 2091,  1641;  MP  57‐61  oC;  HRMS  calcd  for  C29H35NO8  [M+Na]+  608.2260,  found 608.2251. 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(S)­2­((4­methyl­2­oxo­2H­chromen­7­yl)oxy)ethyl 2­(2­((((9H­fluoren­9­
yl)methoxy)carbonyl)amino)acetamido)­3­(tert­butoxy)propanoate (85)  Fmoc‐Serine Fluorescent probe  (50.0 mg, 0.08 mmol) was  combined with  stirring with TAEA (0.6 mL) and DCM (0.8 mL).  After 20 minutes the reaction was worked up by diluting with EtOAc and washing with brine (0.3 mL), and pH 5.5 phosphate buffer  (3  x  0.3  mL).    The  organic  layer  was  dried  over  MgSO4,  filtered  and concentrated in vacuo. Fmoc‐Glycine (26.7 mg, 0.09 mmol) and DCM (0.5 mL) were added to the concentrated residue with stirring.  To the solution, DIPEA  (16 μL, 0.12 mmol)  was  added  followed  immediately  by  HBTU  (34.0  mg,  0.09  mmol).    After stirring for 1 hour the reaction mixture was washed with water (0.5 mL), NH4Cl (3 x 0.5  mL)  and  brine  (0.5  mL).      The  mixture  was  dried  over  MgSO4,  filtered  and concentrated  in  vacuo  to  yield  a  white  solid.    (41  mg,  77%)  1H  NMR  (500  MHz, CDCl3) δ 7.76 (d,  J=7.5 Hz, 2H), 7.62 (d,  J=7.5 Hz, 2H), 7.51 (d,  J=9 Hz, 1H), 7.40 (t, 
J=7.5 Hz, 1H), 7.31 (t, J=7.5 Hz, 2H), 6.96‐6.84 (m, 1H), 5.93 (s, 1H), 4.37 (d, J=7.5 Hz, 1H), 4.24 (d, J=7.5 Hz, 1H) 4.15 (t, J=5 Hz, 1H), 4.03 (d, J=4.5 Hz, 3H), 3.59 (t, J=5.5 Hz, 3H), 3.33 (t, J=5 Hz, 3 H), 2.40 (s, 2H), 2.01 (d, J= 1Hz, 2 H), 1.58 (d, J=4.5 Hz, 9H) 
13C NMR (125 MHz, CDCl3) δ 166, 162, 156, 152, 149, 144, 141, 128, 127, 126, 125, 102, 69.7, 67.1, 61.2, 47.2, 45.4, 43.2, 42.6, 35.3, 27.8, 26.2, 25.4, 24.4, 18.7; IR (cm‐1) 2360,  2342,  1714,  1637;  MP  75‐78  oC;  HRMS  calcd  for  C36H38N2O9  [M+Na]+ 665.246951, found 665.24680. 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benzyl 2­((tert­butoxycarbonyl)amino)acetate (87)   Under N2, Boc‐Glycine (350 mg, 2.00 mmol) and Benzylchloroformate (283 μL, 2.00 mmol) were  combined with  stirring with  dry DCM  (8 mL).    After  cooling  to  0  oC, Et3N was added and stirred for 10 min before adding DMAP (24.4 mg, 0.20 mmol) After 30 min the reaction was worked up by washing with NaHCO3 (5 mL), HCl (0.1 M, 5 mL), and brine (5 mL) before drying over MgSO4, filtering and concentrating in vacuo.    A  white  solid  that  was  consistent  with  known  spectroscopic  data  was formed. (475 mg, 90% yield).39 1H NMR (500 MHz, CDCl3) δ 7.43‐7.33 (m, 5H), 5.20 (t, J=2.5 Hz, 2H), 4.62 (s, 2H), 3.99 (d, J=5.5 Hz, 1H), 1.48 (d, J=2.5 Hz, 9 H).  
 
benzyl 2­aminoacetate (88)  Boc‐G‐OBn (463 mg, 1.75 mmol) was combined with 4 M HCl  in dioxin  (1.2 mL, 5 mmol)  and  allowed  to  stir  for  10  minutes.    The  reaction  mixture  was  then concentrated in vacuo to yield the HCl salt as a white crystalline solid (281mg, 97%) consistent with known spectroscopic data.40    1H NMR (500 MHz, D2O) δ 7.39‐7.31 (m, 5H), 5.20 (s, 2H), 3.85 (s, 2H). 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(S)­benzyl 2­(2­((tert­butoxycarbonyl)amino)­5­(3­tosylguanidino)pent­
anamido)acetate (89)  Boc‐Arg(Tos)‐OH (23.5 mg, 0.05 mmol) and H2N‐Gly‐OBn (8.3 mg, 0.05 mmol) were combined in dry DCM (0.50 mL) under N2 with stirring.  Once dissolved DIPEA (12.9 μL, 0.075 mmol) was added followed immediately by PyBOP (28.6 mg, 0.05 mmol).  After  1  hour  the  reaction was worked up by washing with water  (0.5 mL), NH4Cl (0.5 mL), and brine  (0.5 mL) before drying  the organic  layer over MgSO4,  filtering and  concentrating  in  vacuo.  Crude  product  was  purified  via  silica  gel chromatography  (MeCN)  to  yield  a white  solid  (21 mg,  71%).  1H NMR  (500 MHz, CDCl3) δ 9.56 (s, 1H), 8.06 (s, 1H), 7.79 (d, J=8.5 Hz, 2H), 7.38‐7.36 (m, 5H), 7.27 (d, 
J=8 Hz, 2H), 5.17‐5.15 (m, 2H), 4.70 (s, 1H), 4.59 (s, 2H), 4.4‐4.1 (m, 2H), 3.4‐3.36 (m, 1H), 2.41 (s, 3H), 1.9‐1.81 (m, 2H), 1.45 (s, 9H).  13C NMR (125 MHz, CDCl3) δ 155, 143, 140, 130, 129, 129, 129, 129, 128, 127, 127, 126, 65.6, 42.2, 29.9, 28.5, 21.7, 19.8; IR (cm‐1) 3377, 2929, 1702; MP 87‐92 oC. 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(S)­2­(2­((tert­butoxycarbonyl)amino)­5­(3­tosylguanidino)pentanamido)­
acetic acid (90)  Boc‐Arg(Tos)‐Gly‐OBn  (0.950  g,  1.6 mmol) was  dissolved  in MeOH  (4 mL)  before addition of Pd/C (200 mg).  Under an atmosphere of H2, the reaction was allowed to stir  for  5  hours  before  working  up  by  filtering  off  the  Pd/C  solid.    The  reaction mixture  was  concentrated  in  vacuo.    The  product  was  purified  via  silica  gel chromatography (1:1 EtOAc:Hexanes) to yield a white solid (0.739 g, 92%). 1H NMR (500 MHz, CDCl3) δ 9.56 (s, 1H), 8.06 (s, 1H), 7.79 (d, J=8.5 Hz, 2H), 7.28 (d, J=8.5 Hz, 2H), 5.17‐5.14 (m, 1H), 4.61‐4.59 (m, 1H), 4.4‐4.3 (m, 1H), 3.5‐3.3 (m, 1H), 2.41 (s, 3H), 1.91‐1.79 (m, 2H), 1.45 (s, 9H); 13C NMR (125 MHz, CDCl3) δ 177, 155, 143, 140, 130,  126,  80.6,  52.5,  42.2,  29.9,  28.5,  25.5,  21.7,  19.8,  17.5  IR  (cm‐1)  3395,  2977, 1687, 1621, 1518; MP 139‐141 oC. 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(S)­benzyl 2­(2­((((9H­fluoren­9­yl)methoxy)carbonyl)amino)­5­(3­((2,2,­
4,6,7­pentamethyl­2,3­dihydrobenzofuran­5­yl)sulfonyl)guanidino)pentan­
amido)acetate (93)  Fmoc‐Arg(Pbf)‐OH (389 mg, 0.60 mmol) and H2N‐Gly‐OBn (82 mg, 0.50 mmol) were combined in dry DCM (3 mL) under N2 with stirring. Once dissolved DIPEA (130 μL, 0.75 mmol) was added followed immediately by PyBOP (312 mg, 0.60 mmol).  After 1 hour,  the reaction was worked up by washing with water (2 mL), NH4Cl (2 mL), and  brine  (2  mL)  before  drying  the  organic  layer  over  MgSO4,  filtering  and concentrating  in  vacuo.  The  product  was  purified  via  silica  gel  chromatography (MeCN) to yield a white solid (340 mg, 86%). 1H NMR (500 MHz, CDCl3) δ 9.41 (s, 1H), 7.90 (s, 1H), 7.76 (d, J=6.5 Hz, 2 H), 7.60 (s, 2H), 7.41‐7.27 (m, 5 H), 5.51 (s, 1H), 5.18 (s, 1H), 4.56 (s, 1H), 4.41 (s, 3H), 4.23 (t, J=7 Hz, 1H), 3.73‐3.69 (m, 2H), 3.40 (s, 1H), 2.97 (s, 3H), 2.58 (s, 3H), 2.53 (s, 3H), 2.11 (s, 3H), 2.00 (S, 3H), 1.9‐1.8 (m, 2H), 1.47‐1.41 (m, 9H) 13C NMR (125 MHz, CDCl3) δ 159, 154, 144, 141, 139, 133, 133, 129, 129, 129, 128, 127, 125, 125, 120, 118, 86.9, 69.9, 67.5, 56.0, 52.9, 47.3, 44.0, 43.3, 42.1, 28.8, 25.4, 19.8, 18.8, 18.2, 17.4, 12.8, 12.6;  IR (cm‐1) 3409, 2975, 2085, 1689,  1625;  MP  95‐99  oC.
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